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1. Introduction
One requirement of EPDCCH is the ability to support frequency-domain ICIC [1]. To meet this requirement, RAN1 has agreed upon several features of EPDCCH such as selection of a few PRBs for EPDCCH transmission, and some discussions are on-going, e.g., EPDCCH RE mapping for ICIC [2, 3]. On the other hand, support of frequency-domain ICIC also requires some information exchange between two neighboring cells via X2 interface in order to inform the neighboring eNB of the properties of EPDCCH of the message-sending eNB as well as to enable the neighboring eNB to place its EPDCCH in safe frequency resource. 
This contribution provides some discussion on backhaul signaling necessary for ICIC of EPDCCH.
2. Inter-eNB information exchange
In this section, we discuss the information exchange between two eNBs (eNB1 and eNB2 in Figure 1) for the case where EPDCCH transmission in the eNB2 cell (the victim cell) needs to be protected from the interference caused by the eNB1 cell (the aggressor cell).
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Figure 1. Two eNBs exchanging EPDCCH information for frequency-domain ICIC.

2.1. Information from the aggressor cell
In general ICIC operation, the aggressor cell indicates the victim cell of the set of resources in which the victim cell can expect low inter-cell interference; the victim cell can use those indicated resources for the transmission of the channels that are sensitive to the inter-cell interference from the aggressor cell. LTE system has introduced backhaul signaling of RNTP for frequency-domain ICIC of PDSCH: By RNTP message, the aggressor cell is able to indicate the set of PRBs in which its DL transmission power will be kept below a threshold.
One way of doing frequency-domain of EPDCCH is to reuse the RNTP message, i.e., the victim cell transmits EPDCCH on the PRBs for which the aggressor cell has promised a DL transmission power lower than a threshold. However, this approach seems inefficient due to the difference between the time scale of the frequency domain resource allocation of PDSCH and EPDCCH:  Resource allocation for PDSCH is done in every subframe, so the victim eNB is able to adapt the frequency allocation to the frequent update of the RNTP sent by the aggressor cell
. In contrast, the location of EPDCCH PRBs is expected to be determined in a semi-static manner by higher layer signaling, so it is not suitable to reuse RNTP as a common ICIC message for both PDSCH and EPDCCH: Even though the victim cell eNB receives a RNTP message and knows which PRBs will be in lower inter-cell interference, it has no knowledge which of those PRBs are likely to remain in the low-interference condition in the next RNTP update and are preferable for the EPDCCH resources. As a result, more signaling overhead and reconfiguration ambiguity is expected for the adjustment of EPDCCH PRB location if the RNTP update is quite frequent; otherwise, the traffic adaptation speed should be compromised at the aggressor cell in order to protect the victim cell’s EPDCCH that are transmitted based on the previous RNTP message.
From this discussion, it is desirable to define a new backhaul signaling for the indication of PRBs with low transmission power for the purpose of EPDCCH ICIC. One example would be to define a “more static” version of RNTP; the aggressor cell eNB sends a bitmap as a subset of RNTP such that the PRBs indicated by this new bitmap will remain as the low-power resource for a relatively long time. In some sense, this additional indication can be interpreted as “a set of PRBs recommended for the use of EPDCCH” and is similar to the indication of the measurement subset, a subset of ABS, which has been taken in Rel-10 eICIC WI [6]. Based on this additional information, the victim cell eNB is able to know which PRBs will be protected from strong inter-cell interference and configure its EPDCCH on those indicated PRBs without worrying about fast change of the aggressor cell power allocation. Figure 2 shows an example of using this new PRB indication for EPDCCH ICIC. In this example, the EPDCCH PRB configuration does not change based on the above-mentioned indication from the aggressor cell while the PDSCH scheduling changes more dynamically based on every RNTP update.
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Figure 2. An example of using the PRB set indication for EPDCCH ICIC.

Observation 1: The aggressor cell eNB needs to inform the victim cell eNB of the set of PRBs in which low transmission power will be used for a relatively long time. The victim cell eNB can configure its EPDCCH on those recommended PRBs in a semi-static manner.

2.2. Information from the victim cell

The victim cell eNB can send some information to its neighboring eNBs (including the aggressor cell eNB) to facilitate the ICIC of EPDCCH. First, it can send the configuration information of its own EPDCCH which includes the set of PRBs used for EPDCCH, the EPDCCH DM RS scrambling sequence, the EPDCCH-to-RE mapping pattern [e.g., 2]. Based on this information, the message-receiving eNB can determine the related configuration of its PDSCH/EPDCCH such that strong inter-cell interference can be avoided.
In addition, the victim cell eNB can send information on the set of PRBs indicated by the aggressor cell as a response. For example, the victim cell eNB can inform the utilization or suitability of the PRBs which the aggressor cell eNB has recommended so that the aggressor cell eNB can evaluate the need for modification of the EPDCCH PRB recommendation: If the victim cell eNB informs low utilization of the recommended PRBs, the aggressor cell eNB can reduce the number of PRBs recommended for EPDCCH. We note that this recommendation and the status feedback is similar to the backhaul signaling adopted for Rel-10 eICIC, i.e., the ABS information and the ABS status in [6].
Observation 2: The victim cell eNB can inform the aggressor cell eNB of its EPDCCH configuration as well as the status of the PRBs which the aggressor cell has recommended for EPDCCH .
3. Conclusion
This contribution discusses the need for backhaul signaling to support frequency-domain ICIC of EPDCCH. The following observations were made:
Observation 1: The aggressor cell eNB needs to inform the victim cell eNB of the set of PRBs in which low transmission power will be used for a relatively long time. The victim cell eNB can configure its EPDCCH on those recommended PRBs in a semi-static manner.
Observation 2: The victim cell eNB can inform the aggressor cell eNB of its EPDCCH configuration as well as the status of the PRBs which the aggressor cell has recommended for EPDCCH .
Also, in order to initiate the necessary specification work in other WG(s), we propose to send an LS on the necessity of backhaul signaling.

______________________________________________________________________
References
[1] RAN1 chairman’s note, RAN1#66bis.
[2] R1-123524, “Discussion on eREG definition,” LG Electronics.
[3] R1-123525, “Discussion on eCCE definition,” LG Electronics.

[4] 3GPP TR36.814 V9.0.0.
[5] R1-111062, “Backhaul modelling for CoMP,” Orange.
[6] 3GPP TS 36.423 V10.2.0.

































































































































� The backhaul link latency, which is a factor to determine the frequency of RNTP message update, is dependent of the employed backhaul technology varying from hundreds of micro seconds to 20 milliseconds [4, 5]. 
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